In 1992 seismogenic nodes prone for earthquakes 6.5+ have been recognized for the Himalayan arc using the pattern recognition approach. Since then four earthquakes of the target magnitudes occurred in the region. The paper discusses the correlation of the events occurred in the region after 1992 with nodes previously defined as having potential for the occurrence of earthquakes M6.5+. The analysis performed has shown that three out of four earthquakes M6.5+ occurred at recognized seismogenic nodes capable of M6.5+.
Introduction
Accurate definition of potential earthquake sources plays a main role on the development of seismic hazard assessment regardless of the applied methodology, either probabilistic or deterministic. In this paper, we analyze the results of the work by Bhatia et al. [1] dedicated to identification of earthquake-prone areas in the Himalaya. The work was carried out in 1992. Number of seismogenic nodes prone to M6.5+ have been defined in the region using pattern recognition approach [2, 3] . This methodology is based on the idea that large earthquakes correlate with morphostructural nodes, specific structures formed at the intersections of fault zones. The fact that earthquakes nucleate at nodes was first established for the Pamirs and Tien Shan regions [2] .The role of intersecting faults in the control of earthquake origin was later observed in different tectonic settings by other researchers. Specifically, Talwani [4, 5] found that large intraplate earthquakes are related to intersections and demonstrated that intersecting faults provide a location for stress accumulation. Hudnut et al. [6] and Girdler et al. [7] observed the relationship between earthquakes and intersections for plate boundaries and rift structures, respectively. According to King [8] , fault intersections provide locations for initiation and healing of ruptures.
Apart from the Himalaya, seismogenic nodes for different target magnitudes have been previously recognized in many seismic regions of the world (e.g., [9] [10] [11] [12] ). After 1992 four earthquakes with M ≥ 6.5 occurred in the Himalaya. The goal of this paper is to demonstrate how these events correlate with seismogenic nodes prone to M6.5+ defined in [1] .
Recognition of Seismogenic Nodes in the Himalaya
In this section we briefly introduce the basic postulates of the methodology used by Bhatia et al. [1] for identification of earthquake-prone areas in the Himalaya. The methodology includes two main steps. The first step is the determination of the morphostructural nodes to be regarded as recognition patterns, using the MZ method [3] . The second step is the classification of all mapped nodes into nodes where earthquakes with magnitude exceeding a certain threshold (M 0 ) are possible and nodes where only earthquakes with smaller magnitude may happen, using the pattern recognition algorithms CORA-3 [3, 10] .
At the first stagethe study region is divided into a system of hierarchically ordered areas characterized by homogeneous present-day topography and tectonic structure. MZ Figure 1 , has been compiled using topographic, geologic, and tectonic maps and satellite images. In every detail the map is described in [1] . In total, MZ delineated 97 lineament intersections and each of them was threaten as a node.
The use of the pattern recognition approach suggests that nodes already marked by one or more strong earthquakes might have a similar portrayal that can be used to identify nodes, which did not yet explicitly show up as earthquake prone. The goal of the recognition is to classify all the nodes delineated within a region into two classes: 
Earthquake-Prone Areas in the Himalaya.
The nodes prone to M6.5+ have been determined using pattern recognition technique.
Parameters Used for Recognition.
Nodes were characterized by a set of topographical and geological parameters as well as parameters of lineament-and-block geometry of the region shown in Figure 1 . The parameters used are presented in Table 1 . The parameters describing the topographic altitudes and the area of soft sediments (Table 1) characterize indirectly the contrast and intensity of the present-day tectonic movements, while those describing the density of lineaments can be related to the degree of crust fragmentation and heterogeneity.
The CORA-3 pattern recognition algorithm, used for identification of seismogenic nodes in the Himalaya, operates in a binary vector space. Therefore the values of the parameters were transformed into binary vector space by discretization and coding. This was made by dividing each parameter range into two parts by means of a threshold of discretization. After the discretization, the values of the parameters are converted into binary components with the value 1 ("small") or 0 ("large") depending on which interval the value belongs to. The thresholds of discretization for parameters are presented in Table 1 . A vector of values of these parameters represents each node. The set of these vectors is the input for the recognition algorithms.
Thick lines are the lineaments of the first rank, medium lines are the lineaments of the second rank, thin lines are the lineaments of the third rank, continues lines are the 
Nodes and Earthquakes M6.5+.
In the Himalaya pattern recognition technique has been applied to find nodes prone to M6.5+. To select the sample nodes for the learning stage of the recognition, the information on the recorded events with M6.5+ has been taken from the NEIC and Indian Meteorological Department Catalogues. 23 earthquakes, plotted in Figure 1 , were selected from these catalogues. As Figure 1 shows, the epicenters of the earthquakes considered are located near the intersection of lineaments, that is, at the nodes. The distance between the epicenters and the points of intersection does not exceed 30 km. The recorded earthquakes nucleate at the nodes, thus it is possible to apply pattern recognition for the node classification.
Selection of the Training Sets for the CORA-3 Algorithm.
At the learning stage all the nodes are a priori divided into three sets. The nodes situated most closely to the epicenters composed training set D 0 for class D. On the contrary, training set N 0 for class N included the nodes that are most distant from the epicenters. At some of the nodes earthquakes with 6.0 ≤ M ≤ 6.4 were known at the moment of recognition. These nodes were assigned to the set X that was not employed for the selection of the characteristic traits; the nodes from the set X were classified at the recognition stage. (Table 2) were selected by algorithm. At the classification stage, for each object, the numbers of D (n D )-and N-traits n N that it possesses were calculated. The class D is formed by the objects with n D > n N . As a result, all 21 nodes originally from D 0 , three nodes (10, 71, 86) from X, and 24 nodes from the set N 0 were assigned to class D.In total, 48 nodes among 97, delineated by MZ in the Himalaya, were recognized as potential for the occurrence of earthquakes M6.5+. Their locations are shown in Figure 1 .
Recognition of Nodes
The stability of the resulting classification has been proved by satisfactory results of a number of the control tests described in [3] . Figure 1 shows locations of the events. Table 3 presents parameters of these events and their correlation with nodes. Table 3 also introduces the difference between observed I 0 for each event and I 0 shown on the GSHAP map for the zone where each of considered events occurred. The difference was calculated with the method proposed by Kossobokov and Nekrasova [13] . Table 3 shows that the high seismic potential of node no. 5, where the 2005 Muzaffarabad earthquake took place, was estimated by pattern recognition more adequately as compared with the GSHAP data. Seismic potential of the area of the 2005 Muzzafarabad earthquake is underestimated by the probabilistic GSHAP approach.
Nodes Prone to M6.5+ and Postpublication Earthquakes
We included in the analysis the 1991 Uttarkashi earthquake because it happened when the work by Bhatia et al. [1] was already finished and this event was not used at the learning stage of recognition. The Uttarkashi earthquake occurred at node no. 24 where earthquakes of target magnitudes were unknown during pattern recognition. The 1999 Chamoli earthquake occurred at the recognized D nodes no. Finally, the analysis performed shows that three out of four postpublication earthquakes confirm the results of recognition obtained by Bhatia et al. [1] . Therefore, we can conclude that the pattern recognition approach applied for earthquake-prone areas identification provides sufficiently reliable information to be used for seismic hazard research.
